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ABSTRACT

A program has been developed which analyzes sea surface temperatures

on an operatlonal and research basis. Data were composited for five=
day periods from the thirteenth to the seventeenth for the months of
June, August, September, and October during The 1972 hurricane season
Sea surface temperature and anomaly charts were computed. These charts
are dlscussed in relation to fropical cyclone activity.

INTRODUCT | ON

During the past twenty-five years numerous people have investigated the
sea surface temperature (SST) field and i1ts relationship to tropical cy-
clone activity. The classic paper by Palmen (1948) showed that the
oceanlc regions of frequent tropical cyclone formation are climatologi-
cally associated with sea surface temperatures above 26~27C, Other
studies have been made indicating a close assoclation of troplcal cyclone
intensity with SST on a shorter ftIme scale (e.g. Fisher, 1958; Miller,
1958; Perlroth, 1962; Smith, 1972). Ooyama (1969) conducted several
numerical experiments with an axisymmetric ftropical cyclone model in
which he varied the value of the SST over selected areas. The results
agreed reasconably well with the studies mentioned above.

For years hurricane forecasters have realized the importance of the
field of S5T and its possible effects on fTropical cyclone activity.
While Taylor (1966} In his study of several hurrlicanes in the Gulf of
Mexico demonstrated the feasibility of producing SST charts in real
Time over a |imited domain by manual methods, routine production of
such charts over a broad area has had to awalt the development of
computerized procedures. Although a description of the SST fleld is
valuable in assessing the probabillty of tropical cyclone formation or
intensification, the time required to manually average, plot and analyze
SST values for fthree-, five-, ten-, or thirty-day periods is time the
forecaster can il]=-afford when a storm is in progress.

Simpson {1971) created a series of decisicon ladders to determine the
development potential of a troplcal cyclone. Since that 1ime computer
programs have been formulated to compute variocus numerical quantities
(e.g. vertical shear, line Integrals of mass flow, sea surface temper-
ature) in and around a tropical cyclone so that a quantitative estimate
of the development potential can be made. Also, with numerical models
it will be necessary to objectively analyze the Initial data. Two
Important Initial quantities necessary in the computation of the
vertical flux of latent and sensible heat from the ocean are the analyzed
alr and sea surface temperatures. For These reasons a computer program
was written 1o objectively analyze the SST using all avalilable SST
observations in a particular time period.



THE OBJECTIVE ANALYSIS

The objective analysis method is of the circular scan type and Is
essentlially the one devised by Cressman (1959). |1 involves making
corrections to initial values at grid points using actual data within
some given radial distance of each point. These corrections are »
weighted accordling to the distance of the actual data from the grid
peint, The grid points are corrected four or five Times using data
within successively smaller circular areas.

The initial or first guess field consists of sea surface mean tempera-
tures. Means were computed by using all of the observations within
one degree quadrangles for each month during the years 1941 through
1971. The Scripps Institution of Oceanography provided means based

on observations by the U. S. Navy, Coast Guard, Coast and Geodetic
Survey, Natlional Marine Fisherles Service, Duke University, Texas A&M
University, Unlversity of Mlaml, Woods Hole Oceanographic Institute,
and a few British research and naval ships. The use of a monthily mean
In the program serves three Important purposes: |) |t is an ideal
first guess fleld, 2) It can be used to check Isolated station reports
by allowing only acceptable deviations of the S5T values, 3) i1 can be
used to compute ancmal les,

The buik of the SST data Is obtained from 0000 GMT daily and 1200 GMT
marine observations which are decoded and accumulated daily by computer
at the National Meteorological Center (NMC). SST observations from oil
rigs, buoys, and other sources can be added at execution of The program.

Erroneous observatlons are handled by using a "buddy" data check system
obtained from The NMC and modified to apply fo sea surface temperatures.
As mentioned above, isolated observations are checked against the monthiy
mean. Areas devoid of observations will have the monthly mean as the
final analysis.

The analysis Is carried out over a domain from 5,0W to 123.5W and from
the equator to 45,0N. The grid is 35 by 80 and the distance between
grid polints Is 167 kllometers.,

This study is concerned with the SST values and anomalles computed for
five days of cobservatlions centered on the fifteenth of the months June,
August, September, and October 1972, Because of the conservative nature
of the SST on a synoptic scale the mid=-month SST analyses and anomal les
should be good Indlcators of fthe synoptic scale monthly changes.

RESULTS

Figures |, 3, 5, and 7 show objectively analyzed sea surface temperatures
in fahrenhelt degrees (F) using 0000 GMT and 1200 GMT marine observations
for 3=17 June, August, September, and October 1972, respectively. The
80F value Is considered the threshold for tropical cyclone formation,
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atter Faimén (1945), Unce a Troplcatl cycione npas rormed wiThin the
80F reglon the hurricane forecaster Is concerned whether or not it
will move into or close fo an area of very warm SST where I+ might
intensify due to the more ready avallabll |ty of latent and sensible
heat.

In figure 1 the contrast between the Eastern Pacific region and the
tropical Atlantic Is evident. Large areas with temperatures greater
than B84F exist in the Eastern Pacific while in the Atlantlc only one
smal | area can be found (4.5N - 41,5W},

In figure 3 the warming that has occurred over both regions is evident
from the increase In the areas enclosed by the 80F Isotherm. The
Eastern Pacific has not only a very extensive area in which temperatures
are greater than 84F but also a very large area of SST warmer than 84F,
The Gulf of Mexico and The Caribbean have large areas where SS5Ts exceed
84F, The small area of SST warmer Than 84F found In June In the
Aftlantic has disappeared.

Figure 5 shows a cooling In the Eastern Pacific reglon as the areas of
SST above 84F and 86F begin to decrease in size. The Atlantic, Gulf
of Mexico and Caribbean have continued to warm and there are several
areas warmer than 84F with a few small areas warmer than 86F,

Figure 7 shows that the Eastern Pacific has continued to cool with the
areas of SST warmer than 84F and 86F becoming still smalier, The Gulf
of Mexico and Northern Tropical Atlantic have cooled considerably while
the Caribbean and Southern Tropical Atlantic have several large areas
where SSTs exceed 84F.

Figures 2, 4, 6, and 8 show the sea surface temperature anomalies In
fahrenheit degrees (F) for I13<17 June, August, September, and October
1972, respectively. The ancmaiies are computed by subtracting the
respective monthly means from figures |, 3, 5,and 7. In interpreting
the anomaly fields it is necessary to know that data-void regions will
have monthly means as the final SST analyses and, consequently, zero
anomal les. However, zero anomalies may also result from SST analysis
over regions where data exist. Therefore, care must be taken in the
interpretation of zero-anomaly reglons.,

Examination of figures 2, 4 and 6 reveals several Important features.
In the Atlantic region from the equator to about 10N there are large

areas where SSTs were consistentiy 1=2F above normal. More Importantly,
from approximately 10N fo 35N there are large areas with SST 1-3F below
normal., Finally, north of 35N there are areas with SST 1-3F above

normal, Most noticeable in the Eastern Pacific reglon of these charts
are areas with $ST 1-4F above normal. Temperatures were above normal
over almost the entire Eastern Pacific durling August (Fig. 4). Tempera-
tures in the Caribbean Tended to remain below normal while in the Guif
of Mexlce they were generally normal.
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Figure 8 shows that during October over the entire domaln large areas
with SST 1-3F above normal were found except for the northeastern
region of the ftropical Atlantic where SST values were 1-3F below normal.

REVIEW OF THE 1972 HURRICANE SEASONS OF THE ATLANTIC AND EASTERN PACIFIC

Figure 9 shows the tracks of the four named Aflantic storms of 1972,
Three storms reached hurricane intensity but would be classified as mini-
mat. Normally the Atlantic experiences nine storms with five To six
reaching hurrlcane intensity. ) Frank (1973) documented the total

number of disturbances and depressions occurring in tThe Atlantic in 1972
and compared these with a flve-year sample (1968-1972). The total number
of depressions was twenty-four, which is the average for the five-year -
sample, The total number of disturbances was 113, which is ten above

the average of 103, One major conclusion can be made: the below normal
Atlantic hurricane season was not due to a lack of disturbances.

Figure 10 shows the tracks of the twelve named EasTer?]§acific storms
of 1972. This is three below the average of fifteen. However,
eight of these storms deveioped into hurricanes, compared to the normal
of seven. Most striking is the fact that six of the elght hurricanes
that formed did so in the month of August.

SEA SURFACE TEMPERATURE ANCMAL{ES AND TROPICAL CYCLONE ACTIVITY

Several points can be made concerning tropical cyclone activity and the
SST anomalies In the Atlantic, Hurricane Agnes, froplical storm Carrle,
and hurricane Dawn formed where the sea surface temperatures were near
normal. Hurricane Betty formed between 35W and 40W where the SST was
1=3F above normal, although the area of formation was bordering on 80QF.
The fact that no troplcal cyclone formation fook place from 10N to 35N
and east of 70W is very significant. This is the region where the large
areas of SST 1-3F below normal existed during June, August, and
September (Figures 2, 4 and 6).

The Eastern Pacific in June, August, September and October exhibited
large areas of SST anomalies 1-3F above normal. Although the total
number of storms (12) was below the normal by three, there was an above
normal number of hurricanes. Perhaps the most Important polint is the
fact that during August, when The SST values were 1-3F above normal,
six hurricanes formed in the Eastern Pacific.

it Is necessary fto emphasize again that the SST is only one of several
factors related to tropical cyclone formaticon and intensification,
Without further information the possibility cannot be ruled out that
large values of vertical wind shear also played a major role in
suppressing tropical cyclone formation in the Atlantic,

(I)Averages are based on seven years of data (1966=1972}.
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CONCLUS|ONS

A relatlonshlp exlsts between tropical cyclene activity (l.e, formatlon
and Intenslfication) and sea surface temperature. The real=tlme,
obJectlve analysis of sea surface temperature and computation of

anomal ies tdentify those areas of warm SST which can serve as ready
sources of energy for development or Intensification of tropical cyclones.
It s therefore considered deslirable That: (1) routine flve-, ten-,

and thirty-day 85T charts and anomalles be computed during the hurricane
season; (2) durlng storm sltuations and where the data permit one~ and
two~-day SST charts and anomalles be computed; and (3) experimental charts
of the vertical fluxes of heat and moisture, and possibly radlal con=-
vergence of moisture from ATOLL charts (Analysis of the Troplical Oceanic
Lower Layer) wlth adjusted wind veloclty for the sea surface, be computed
to further confirm and utilize the predictive Information avallable Through
sea surface femperature data.

Acknowledgments

| wish to thank Mrs. Margaret Robinson for supplying the monthly means
and Mr. Fred Zbar for the data check program. Mr. James Trout and

Mr. Eddy Ramariz alded in solving several difficult programming problems.
The wise council of the staff of NHC, particulariy Dr. Banner Miller,

Is greatly appreciated. Messrs., Dale Martin, David Shields, and David
Senn assisted with the graphics.



- ZL6L INNT L1 = 3NNC ¢} (LI13HNIYRYLS) STUNLYEIIWEL IovIENS v3S  “1 3HN9id

§9: 8L




ZL61 3INAT L1 - 3INAT €1 (LISHNFYHYH) SITTYAONY 3¥NLVY3dW3L 30vHENS ¥v3S "2 3WADI14

5% 8z g 5g &€ 6% g$o - 85 &% 0% 59 82 52 08 S€ 28 §5 o0t $6% 0TI 217  @%T




. ZL6L TONY L1 - 9NV €1 (113HNIUHYIISTUNLYVHIAWIL I0VAENS VIS € 3unot4

S 8§ 99 §9 @4 LI 8¢ s8




CL6L TONY L1 = TONV €1 (LiZHNIUHYL) S3I1TVWONY JuNivd3dn3l 30VIENS VIS "% JdN9id

2t 2z 8T 88 g6 0% g ' 58 ik 2% b gL ¢ g€ 26

6 08T 81 9Tt  SIT_ 9TL

/

e oy

.
Lt § e | 0




Lol

‘d3S L1 = °d3S €1 (LIFHNTHHYL) STUNLYNISWIL IOV4HNS v3IS "¢ IHN9I4
T 0% §T 088 st @=a $4 05  S§S 03 §9. @L & g 58 56 001 _S01 01T
NS ]
¢ DN 1/ \\/ﬁ
R Frn
:@.
. M\) AN
/
~._1% ¥
ln.l.ll.al i o Mw
—\| /1
DIFIRNs
L .
-?
2 m@
* Jﬂw:l
S A N
N SN
_\’jv ﬂ/\\ \_
TN e L %
g8 SE L] -5 2]




. ZL61 "d3S L1 - "d3S g1 (LIZHNIUHYY) SITIVWONY ANLVHINIL 30¥4HNS ¥3S -9 J4n9id

89 $3. $6_ et

—




Zi61

100 L1 - 130 £ {(LIZHNIYHVL) SIENIVYIJWIL I0OVHENS V3S

WA F

A

Sacy

»




£61°100 L1 =°100 €F (LIZHNIYHYL) S3{TVAONVSRINLWYIIMIL 30vV4uNS ¥3S  °8 3unSid

2% £5

7
N




SWHOLS DILNYILY 2461 3HL 40

SHOWYL

"6 N9l

|

T

WEY A0 B woumed @
LER WO 0 ooirted O

A004s  {DHEOHDKED 4tk 4

8805y DwODIArRY

ol WG (o804

todots juvadmoaep]  woTeasdeq oML -

Croadig s gL NPUA)
{WowDs aDACHN GF MM} HEOLE  TWIHERUL (L)
(vomer wag T peiS)) WOSMEIBE30  WHIOsL {241

. y R H
: <, %
[obog  woppdpnip) udseRIdel Ao MR W . ../ . x .
. ) ¢ L ot j
AR IS ;
SIuOQINES|D 1BOKCH VWV VY Q-P/ .

INVYIIYHAN (3]

T

IJUTHUNLSID  TTD40BS {P1)

. . £
N
A
o RO TR
A~ AJTAVH NI
. Vo
_-r . =13 , ) <% N1

=

¥

hY

_—

=y v
!
< -y
v
v
- -
- ~e
- i»
T
i,
RN £ e
If\b
~cl-
'ﬂ'

41

Al

-0

3JIAE2S EIWIVIM TYNOIL

g
P

i
YN
- -

a
-

wid=

kggee

fonne

; '}ﬁgZZﬁ —

N
h




N

. " AW

il

T T
.

3

T
-

=

.@
' SmoLs \ .

ol

®

W._&o& NYILSYI ZZ61 40 SHOWYL ‘Ol 3unotd [

WEA wdOOL B wolted ©
WS WPDO:L D upyitod O

(obpis  uopodiinp) uorsreidald g% R
OBYE  DMESNDHET 4+ L4 +
ofipre  sumo{ling
oBpie waolS  [oE0N)] ————
(¥0oyT Jubwitoioasp)  UOPERIGE  [BD|OQIL ..o oseeeo-
PIUOEMIBIE  10IOLL YVVVV V]

{48uBiy 40 Wd'W oL EPLEA)  INYIINMOM (M)

(yewgy yonouyl 6L tpum]  WECLS  Tvdidour (1

(wowas woys weh) fpulm ) NOISSANA3A
IIMvANNLSIQ

RLATEL DTSS!
w0l (PLY

onmn T . IQ}_.

»OE »
ot - CF AN s i} o
&F - 4T 120 NIV (1) k41
20 L2 ~0F 1435 Facvor () or :
Z2 - €T 1435 wmr {1 &
50 1435 - 82 MW IKDMM (W} L] i
T -T2 oW NZD (s} L ks H
30 Ld35 - & 9w ONTRIIN A in} 2 - e ~ .-G.u\
o sEE owE Ma( — | = .
SEEE R D NS & s iy e\ Y Y AR
e LHVHD ONINOVHL INYIRMNH OlHI0Vd NH3LSY3
SR s IDIAYIS MIHITIM TYNOILYY ~ IDHIMWNOD 4O INIWIMWEQ S
o 5P e 5

%)




REFERENCES

2.

8.

9.

Cressman, G.P., 1959: An Operational Objective Analysis System,
Monthiy Weather Review, Vol. 87, No., 10, pp.367-374,

Frank, N. L., 1973: Atlantic Tropical Systems of 1972, Monthli
Weather Review, Vol. 10Ql, No. 4, pp. 334-338,

Flsher, E. L., [958: Hurricanes and the Sea Surface Temperature
Fleld, Journal of Meteorology, Vol. |5, No. 3, pp: 328-333,

Mitler, B, 1., 1958: On the Maximum Intensity of Hurrlcanes,
Journai of Meteorology, Vol. 15, No. 2, pp. 184195,

Ooyama, K., 1969: Numerical Simuiation of the Life Cycie of
Tropical Cyclones, Journal of Atmospheric Sclences, Vol. 26,
N01 l’ ppo 3"'400 .

Palmén, E., 1948: On the Formation and Structure of the Tropical
Hurrlicane, Geophlsica, Voi. 3, pp. 26-38,

Pertroth, 1., 1962: Relationship of Central Pressure of Hurricane
Esther (1961} and the Sea Surface Temperature Fleld, Tellus,
VQI. 14, NO. 4’ pp- 403"408-

Simpson, R. H., 1871: The Decislton Process in Hurricane Forecasting,
NOAA Tecgnical Memorandum, NWS SR-53, 35pp.

Smith, C.L., 1972: On the Intensification of Hurricane Cella (1970}
Unpubl Ished Manuscript, National Hurrlcane Research Laboratory,
Miami, Florida, 57pp.

Taylor, J.G., 1966: An Approach to the Analysis of Sea Surface
Temperature Data for the Utilization In Hurrlcane Forecasting

In the Gulf of Mexlco, Progress Report, Office of Naval Research
Contract No. 2119(04), A&M Project 286-C.3, Texas A&M University,
92 pp.-

“,1 £



